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SYSTEM AND METHOD FOR PERFORMING A 
PROGRESSIVE SECOND PRICE AUCTION TECHNIQUE 



SPECIFICATION 

FIELD OF THE INVENTION 

5 This invention relates to a system and method for performing a 

progressive second price auction technique in order to effectively allocate a finite 
resource among competing requestors. 

. BAQCGROUND OF INVENTION -\ 

10 : A significant problem is created when a finite divisible resource is 

desired by two or more entities and more of the resource is requested than can 
possibly be allocated and distributed to the requesting entities - When tte demand for 
a resburce or product exceeds the supply, market auctioiqis can be created in order to 
properly allocate the 1 imited resource or product to the requesting entities. For 

15 example, a finite commodity such as oil is only produced in limited quantities per 
month and the oil is auctioned arid sold in international markets . If only one million 
barrels of oil is produced in a months bidders can submit bids through the international 
/ market and typicaily the highest bidder will win its requested allocation of the oil and 
; will pay the supplier of the oil the price which was bid. 

20 The problem of allocating finite resources also occurs in the electronic 

world. The Internet allows parties to communicate and exchange data over vast 
distances. However, the rate of information flow can be affected by the number of 
users utilizing an Internet Service Provider ("ISP") and users are forced to endure long 
pauses in their network connections. If critical data needs to be transmitted and 

25 received almost instantaneously over a network, premium bandwidth of an ISP can be 
reserved for that user. While premium bandwidth can be provided by an ISP, the 
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bandwidth is a limited resource and many users will desire all or part of the available 
premium bandwidth. A standard auction of the bandwidth would consist of the 
premium bandwidth being allocated to the highest bidder for which the bidder pays 
the price of the bid. However,; this type of auction produces inefficiencies for larger 
5 numbers of bidders and where the bids made and availability of the premium 

bandwidth change over time; Othet alio exchanging large 

messages to convey demand information and are inappropriate for communication 
networks due to the hea\^ signaling load they would impose. An improved auction 
and allocation technique is needed. 

10 Inp^ertQ 

principles can be: applied to the technique . The example of allocating the resource of • : ! ■ > 
premium bandwidth Mil be used in ^ discussion. A communication 

network' s valuie such as the Inte^ characterized by what economists call 

externalities. The principles of externalities are that the value 

15 network depends upon the S^luation beh^ibr of the other users. One recognized ^ 
principle is that a cominiinieation net 
are connected to the network. A second recognized principle is th as the utilization 
of the network by one user increases, the; qm 

decreases. Resources are shared by users who because of distance , population size, or 
^ 20 individual selfishness cannot or will not coordinate their actions sufficiently to 

achieve the most desirable alidcation of fes^ ; 

indicates that a game theoretic approach in which other bidders actions ^e : ; ; : 

determinative ;6f allocations and costs to a bidder could be iised t 

allocation of resources on a communication network. 
■ 25 The allocation of limited resources in connection with a 

communications network can be performed in both an actual market embpdime^ 

when users are bidding real doll^ 

embodiment, where the bids arc to peifom 

to obtain limited resources of the proc^ 
30 departments could bid on time iised on a special university component with university 

dollars supplied by the university. 
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In the emerging multiservice networks (ATM, Next-Generation 
Internet), neither flat pricing by the peak capacity of the user's connection as used in 
the current Internet nor time-of-day usage prices as used in the telephone system are 
viable solutions to gain an efficient allocation of resources. Thus there is a need to 
5 develop a new approach to pricing of network resources. The requirements of an 
efficient pricing system include: (1) sensitivity to the range of resource requirements 
(either through a sufficiently broad range of traffic classes which are priced differently 
or by allowing users to explicitly quantify resource requirements); (2) prices must be 
dynamically responsive to unpredictable demand (market based system); and (3) the 
10 pricing architecture should constrain ^ littl^ efficiency trade-offs. It 

would be desirable to achieve an auction technique which meets the above 
requirements and provides a more efficient allocation of a finite resource, - 

■ SUMMARY OF THE INVENTION ,. 
• The present invention is directed to a system and method for allocating 
15 a divisible resource using a progressive second price action technique- The technique 
V r^hieves data indicative of at least one previous bid comprising a quantity data 
component and a price data component, retrieves said data indicative of a new bid 
comprising a quantity component and a price component, allocates the resource to the 
first bids with price components higher than the new bid, allocates the resource to the 
20 new bid if there is some portion of the respurpe which has not yet been allocated and .;: 
calculates the new bid's cost based upon the price component of the other bids which 
have been or would have been allocated the resource but for the new bid. 

By calculating the cost of the resource based upon the principles o 
progressive second price auction technique, which calculate the cost to the bidder 
25 response to other bidders, each bidder is encouraged to bid its true valuation for the 
resource and is discouraged from using inefficient bidding strategies. The use of the 
present technique leads to a more efficient allocation system . Additional new bidders 
can be processed and allocated resource and the cost of the allocation to the bidder 
will be based upon the other bids. 
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An example of a resource which can be allocated is premium 
bandwidth by an Internet Service Provider (ISP). The ISP can process bids from 
different clients requesting premium bandwidth using the second price auction 
technique. In one embodiment, the ISP performs an initial allocation based upon 
5 initials bids and processes each hew bid after the initial allocation is done. In a second 
embpdiment v no such initial allocation is required. The bids in ah auction are sorted 
by price component* allocated resource for bids with price components above the new 
: Sid and then allocated resource for the new bid; The cost of ^e new bi upon 

the; W who would have been allocated some bandwidth ijf the new 

10 bid had not been made;. Thus the cost to the bidder is based upon others bids. The 
• cost charged to the new bid equals the sum of the quantity allocations reduced on 
otherp price of such players^ This tecMique of Calculated 

; pa^ei^ people to bid their act^ resource 

; ;; because the cost paid by the winning bidder is based upon other biddersV bids.; • 
: : 1 5 I The ISP can also make its own floor bid in order itb make sure that bids 

awarded allocations will pay a certain cost level. 

: S BRIEF DESCRIPTION OF THE DRAWINGS 
:: Further objects, features and advantages of the invention will become 
apparent from the following detailed description taken in cohjuri 
•••••;';;; : 2p--v ; accompany ing figure embodiments of the invention, in which : : ; 

• v. Fig. 1 is a flow chart of the steps describing the progressive second ; > ; : 
■■IZ-'.-X^-pncQ. auction technique; ".. 

Fig. 2 is a graphical example of an allocation of resources; 
Fig. 3 is another graphical example of an allocation of resources; 
..:::;:: : 25;.v;v:;;^ Fig: 4 is a graph of a player's utility faction for entering the auction as ;: . 

a function of possible bid prices and requested quantities ; ; 

: Figi 5 is a graphical example of an allocation of resources; 

Fig. 6 shows three graphs indicating tM aifec t : of a new ; bidder ori the 
allocation of a reso^ 
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Fig. 7 shows three graphs indicating the affect of a new bidder in the 



auction; 



the auction; 



Fig. 8 shows three graphs indicating the affect of another new bidder in 



5 Fig. 9 shows a system of bidders and prices at the auction; and 

Fig. 10 shows a diagram of a computer which could process the auction 
in accordance with the invention. 

Throughout the figures, the same reference numerals and characters; 
unless otherwise stated, are used to denote like features, elements, components or 
10 portions of the illustrated embodiments. Moreover, while the subject invention will 
now be described in detail with reference to the figures, it is done so in connection 
with the illustrative embodiments. It is intended that changes and modifications^^ 
be made to the described embodiments without departing from the thie scope and ; • 
spirit of the subject invention as defined by the appended claims. 

15 DETAILED DESCRIPTION OF THE INVENTION 

The inventive technique uses a progressive second price auction 
mechanism. A second price auction works as follows: if an object is being auctioned 
between the parties^ the highest bidder will be awarded the object, however^ the price 
the winning bidder pays is the second highest price bid. This type of bidding 
20 encourages bidders to bid their true valuation of the object making the auction ; 
efficient rather than attempting to engage in inefficient bidding tactics such as one 
dollar more than the expected highest bid, Since the highest bidder will be paying the 
cost of the second highest bid, there is no incentive to bid below the actual valuation ; ; 
of the object being bid upon. If all the other bidders are well below the bidder's bid, 
25 he will only pay the next highest bid. If the bidder bids above his valuation of the : 
object, he may pay more than his valuation depending upon the other bidders which is 
not desirable. Thus there is no incentive to bid higher than valuation. 

. The progressive second price auction technique applications is 
extended from that of the single object example to cover bidding on divisible 
30 resources over time. The technique creates a very efficient mechanism to auction and 
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allocate a finite resource among multiple bidders. With many bidders in an auction, 
most players will receive a part of the resource commensurate with their valuation of 
the resource being auctioned. 

Figure 1 is a flow chart of the steps for performing the progressive 
5 second price auction technique: While the technique described in Figure 1 can be 
used to auction any resource or other divisible good or service, the description will be 
of an auction of units of a generic resource. An application to an actual resources 
which can be allocated could be premium bandwidth for example. In Figure 1 and 
throughout this application, a bid is defined as having two components: a quantity 

10 component and a price component. For example, a bidder in an auction for a resource 
may submit a bid for five units (qiiant^ unit. While only 

quantity and price components of a bid are described in the preferred embodiment, ^ 
additional components or other information could also be included in the bid as 
needed. ...... . . 

15 Step 103 retrieves a list of bids previously made for the resource in a 

particular auction which have been previously sorted by decreasing bid price . This 
■v. - means the bid with the highest price offered w in the list and so on. 

Alternatively, the bids can be sorted after they are; retrieved^ The list of bids can be 
stored in a computer file> in memory of the processor performing the auction, be 

20 inputted by the keyboard or transmitted over a network in real-time by the bidder's x 
software bidding agreement at the time of the auctibn or can be retrieved by aity other 
means when the progressive second price auction technique is performed. For 
example, if ten bidders have previously bid for ^ in an auction, 

these bids (including the quantity desired and price per unit offered) will be stored in 

25 the memory of a computer or other apparatus operating the technique; The bids will 
then be sorted by a conventional sorting technique to place the previous bids in order 
from highest and lowest; Alternatively, the bids can be stored in decreasing price! 
: ; order in a linked list as they are received. If the bid to be processed is the first bid ™. 
made in the auction and no other bid have been stored, the bid will become the first -,"V 
• 30 : bid in the list. ■ - ■ ■ - 
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Step 1 05 retrieves the new bid (Sj) to be processed which has at least 
both a quantity component and price component. The quantity component is in 
predefined units for the auction, for example, one Mbps (Megabit per second) of 
bandwidth, and the price will preferably be in the form of price per unit. Ho wever, 
the price can also be entered in the form of total price for the quantity bid and the unit 
price can be easily calculated. Because the technique utilizes a second price auction 
technique, the hew bidder will be encouraged to optimally submit a bid that is 
approximately the bidder's true valuation for the resource. The bidder optimally bids 
. his true value because of the operation of the second price auction mechanism as 
10 explained above. The hew bid can be submitted electronically oyer a network such as 
the Internet or can be entered manually into a computer performing the technique ; For 
example, a new bidder desiring premium bandwidth may type in a bid of $4 per unit 
^ units of bandwidth into a computer arid trah^ 
; operating the technique over a network. A software agent can be programmed to 
1 5 . ,: automatically bidaccording to the user's needs and the market as represented by the 
other users' bids. 

Step 107 retrieves a total quantity (Q) of resource which is being 
auctioned and which is available for use at one time. For example, if the resource 
being auctioned is premium bandwidth, the total premium bandwidth for a given ISP 
20 system or node may be 20 Mbps. Since there is only a finite amount of the premium - 
bandwidth resource which can be used at one time, no ^ourit of bandwidth over Q 
; can be allocated. The quantity Q can be input manually or retrieved from electronic 
storage or be calculated by the auction processor. Additional^ 
predetermined value in the technique for the resource or can be calculated based upon 
25 other parameters. For example, if the resource being allocated is bandwidth; the ISP 
can monitor how much premium bandwidth is available to be auctioned with respect 
to the total bandwidth for a given time period. The ISP may increase the percentage 
of bandwidth which is designated premium. The value Q would then change over 
time due to the technical or market variables. 
30 Step 109 initially sets the quantity remaining variable (Qj) to equal the 

total quantity Q. At this point in the technique for processing the new bid, no 
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bandwidth has been allocated with respect to the new bidder according to the 
technique. The actual bandwidth can be utilized according to prior allocations at the 
time of the processing of the new bid. The quantity remaining variable Q; indicates ■ 
the amount of the resource which has not yet been allocated during the allocation 
5 technique for the new bid. 

• Step 1 1 1 identifies the next highest bid (Sj=(<^,^)) where Sj is:the> 
bid; Qj is the j lh quantity bid; and Pj is the j th price bid. The first time the auction 
technique performs this step, the next bid identified will be the bid wit^ 

highest price included in t^ Since the bids have been sorted by decreasing : 

10 bid price, the first bid in the list should initially be th^ Wghest. If the li st is 
implemented as a liilked list* a pointer will be pointing to the highest- price bidv: 

Step 1 1 3 checks if the current identified " bid in 'the list is greater than of 
equal to the ne^ 

: th^ o^ equal to the technique , continues ; with step 115 . If the : ; 

1 5;:. ;;;;c^ t6 in the list is less than the new bid price , than the t^hnique 

• continues with step 1 17. 

^iStep 115 subtracts the qu^tity c 
in the list from the quantity . Since the price pf the cu^e 

identified bid in the list is greater than the new bid, it will be awarded the quantity of 
20 :.; resources that it had requested (to the extent the remaining quantity of re^oiircfe is' not ; ; - 
yet assigned during this allocation for the new bid) . T^ 

which has just been allocated to the higher bid in the bid list is subtracted from the 
avaUable resource variable . If the new bid price is below pre vious bids from the • • 
bid list which in aggregate request a toM^ 

•25 available allocation of the service provider, the new bid will be allocated none of the 
resource because the resp been allocated to the higher bidders: The new 

bidder will be forced to increase its bid price in a subsequent bid or obtain the i 
; : resource from another; source. If the current identified bid in the list -6f retrieved bids 
requests more resource than is currently available as identified in Q j5 the entity 

3 0 the bid will be allocated the remaining portion of the resource . In that case, the new 
" bidder will receive some of the resource that was requested. 
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Step 1 16 checks if the quantity remaining variable Q { is equal to zero. 
If it is equal to zero, then there is no more resource to be allocated to the new bidder S; 
and the technique is completed for the new bidder S, with respect to the bid made. 
The bidder may then increase its bid price and submit a new bid. If Q i does not equal 
5 zero, then the testing of received bids in the list continues and the technique goes to 
- ' ' step 111. 

Step 1 17 is reached if the bid price in the new bid S| is high enough 
such that some amount of quantity remains to be allocated at that bid price. For 
example, if the total allocation was 9 units and the auction computer has previously ; 
10 received bids (quantity, price) of (3, $7), (3, $6), (3, $2), and the current bid Sj is (3, 
$5), the first two bids of $7 and $6 would each be allocated 3 units and 3 units would 
, remain to be allocated (Q| = 3);: Step 1 17 then allocates the proper amount of the 
resource to the hew bidder Sy by taking the minimum of (l ) Qi (the amount remaining) 
and (2) q { (the amount of requested). Thus, the new bid Sj will be assigned the 
15 quantity requested to the extent it is available and not already assigned. In the 
example above, the new bidder would be assigned 3 units. 

Steps 1 19 through 123 calculate the price for the new bidder according 
to the progressive second price auction technique. Step 1 1 9 places the new bid in 
sorted order into the list of bids. For example, the bid could be added to a linked list 
20 such that the bid prices are Ranged in descending o The lowest bid which; has w^*™™^* 
previously received an allocation of the resource is then identified. If an initial 
allocation has not yet been performed, then the lowest bid is identified which would; 
have been allocated some of the resource if the new bid was riot present. 
Step 121 the^c^ 

25 the progressive second price auction technique. The cost is calculated on an exclusion 
compensation principle: the ne\y bidder i pays for his allocation so as to cover the 
"social opportunity cost" whi ch i s given by the declared willingness to pay (through 
their bids) ofthe users which are excluded by i's presence. T^ 
of resources at the auction is thus compensated for the maximum lost potential 

30 revenue from the new allocation. 

Thus in the previous example, if the lowest bid receiving an allocation 
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of resources was $2 for three units before the new bid, these three units would be 
reassigned to the new bidder who just bid $5 for the three units. The new bidder Sj 
would then be charged $2 for each unit allocated; 

If an additional bidder now entered the bidding with a bid of (3, $5,50)* l 
5 the stored bidding list would include the following: (3, $7), (3, $6), (3, $5), (3, $2) : 

with the first three bids being allocated three units each. The new bidder at $5.50 
., would be allocated the three units of the $5 bidder at a cost of $5 per unit according to 
the second price auction rule; ^Thus allocation prices are always based upon the 
of the bidder with lower bids who had; preYipusly receiy allocation or would haye 
10 ; received an allocation but for; the hew bidder: ;; ;; : 

Step 121 shows how the cost for a new bidder who is receiving an-^W 
allocation of the resource is calculated . For eath bid with a lo wer bid price which 
received an allocation of the re$p the rie\y bid, the: bid price is added tb : the: 

total cost charged to the new; bidder ^ allocated quantity matches the requested :: 
1 5 quantity in the bid. This reflects the sh^ 

— -; :: new bidder with the higher bid. The amount reallocated for each previous bid is 
responsive to how much quant^ 

bid level. Thus the cost Cj is equals theprice of the unit bid times the 

.„:,:.■ minimum of ( 1) the quantity being reallocated and (2) quantity allocated for the 
20 :; previous bid. If an allocation of 2 xinits at $3 is reallocated during the processing of a 
new bid of 4 units at $4, 2;units w 
: : bid. The quantities allocated in; the next higher bids (but below the new bid price) will • : 
.,: ...: then be used to flmher calculate the total cost of the he w bid reflecting the displaced I 

••■■'■allocation." : " - _ _ ; ; -- •* • • • : ; • : ; • : ; •;::;• : • ; : _■-:-:- 

25 After the reallocation has been performed for a particular bid, the 

;; amount to be reallocated for the he w bid is reduced by the minimum of ( 1 ) the amount :: 

:i!ii ; toi be reallocate 

thus once the allocation amount requested in the bid has been accounted for by one or 
more lower bids \yhich have bdeh or would have been alloc costs heed 

30 to be taken into account. 
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Step 123 then identifies the next higher Pj to be used in calculating Cj. 
The process then continues with step 125. Step 125 checks if a s (the amount 
remaining be reallocated) is zero or if a Pj exists which is greater than P r If one of 
these conditions is true, then the process is complete for the new bid. If there are 
5 additional lower Pj to process and there is some resource; which is to be reallocated, 
the proce ss Pj continues with step 121. 

Figures 2 and 3 are graphical examples of the change in an allocation 
of resources in response to a new bid being processed; Figure 2 depicts an allocation 
pf resources based upon previous bids before the new bidder has entered the auction a 

10 new bid is processed. In this example, the total quantity of resources (Q T ) : is thirty - 
^ f > five units as indicated in box 203. In this example; the following bids are retrieved as 
indicated in box 205 : the first retrieved bid S , is fo units at $1 per unit; the second 
retrieved bid S 2 is for 18 units at $2 per unit; the third retrieved bid S 3 is for 5 units at 
$3 per unit and the fourth retrieved bid S 4 is for 10 units at $10 per unit. Graph 201 

15 shows a horizontal axis indicating bid quantity 207 arid a vertical axis^ 

price 209. The bids located to the right of the verti cal axis are allocated a portion of 
the resource being auctioned. The bids are initially allocated according to the highest 
bid price; Thus the fourth bid S 4 (the highest bid price) is indicated by bar 21 1. Bar 
211 shows that the entire 1 0 units requested by the bid have been allocated. Bar 213 

20 shows the allocation for the third bid S 3 which received all of its five requested units . 
Bar 21 5 shows the allocation for the second bid S 2 which received all of its 1 8 
requested units. After the bids S 4 , S 3 and S 2 were allocated, only two units remained 
unallocated (3 5-: 10-5- 18 k2). Thus, bar 217 indicates two units being allocated to 
S , and five units requested by S , not receiving an allocation (shown to the left of the 

25 vertical axis). The price levels on the graph indicate the bid price and the not price 
actually paid. The cost of the successful bid is calculated using the progressive 
second price auction technique described in connection with Figure 1; 

Figure 3 shows a graphical example of how the allocation changes if a 
; ; new fifth bid comes into the auction as S 5 (5, $2.50) according to the present 

30 technique. Figure 3 shows the graph 201 but now with the new allocation due to the 
processing of the new bid S 5 . Graph 301 has a horizontal axis indicating bid quantity 
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307 and a vertical access indicating the bid price 309. The total level of quantity 
available is still 35 units as indicated in box 203. The new bid S 5 is shown in the bid 
list 305 and is placed in the order of prices bid. Bid S 5 with a bid price of $2.50 is 
shown between S 2 and S 3 . The graph now reflects the allocation to each bid after the 

5 new bid is taken into account. 

In Figure 3, the entity with bid S 4 is again allocated 10 units as shown 
by bar 31 1. The person with bid S 3 is again allocated 5 units as shown by bar 313. 
The next highest bid is S 5 so the bidder of S 5 is allocated the five units requested. 
Between S 4 , S 3 and S 5 , twenty units have been allocated thus only 15 units remain (35- 
10 10-5 = 15). The next highest bid, S 2) has requested an al location of 1 8 units . 

x 1 only 15 units remain to be allocated, S 2 receives 15 bars as shown by 

bar 315. This is three less than is shown in Fig. 2. Bid number one who requested 
seven units is^^^ as shown by bar 317 which is to the left of the 

vertical axis. 

,.. l'5;,;;::.;j:;.., The cost of the new allocation to new bidder S 5 is the^ amount displaced . 
32 1 by the reallocation; Thus the total cost for^ 
•by the bid: S 5 is (3 units x $2) + (2 units x $ 1 ) = $8. The unit cpst fpr tfie 
S 5 is the total cost divided by the number of units allocated or 8/5 = $ 1 .6. Thus bidder 
,: five will pay $ 1 .6 per unit even though he bid $2.5 per unit according to the 
20 prpgressive second price au^ technique. 

Because the allocation and acmal price paid are based upon other bids 
for the resource, the auctioneer can submit its own floor bid to buy the resource at a 
particular price. This will stop initial bidders from acquiring the resources for too low 
a price and will allow the auctioneer to influence the price paid by others: The floor 
25 price must be set at an appropriate level or the auctioneer may not sell the resources to 
other bidders at all. 

The progressive second price auction technique meets the requirements 
of an efficient pricing system by allowing for vary ing bids by the bidding entity and 
allowing a bidder to specify the quantity requested, having resource prices which are 
30 responsive to the market conditions arid limiting restraints on efficiency: 
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In order to make efficient bids in an auction that is being carried out on 
a continuous and quick manner such as auctioning bandwidth, a valuation technique 
can be used to quickly enter the bids of a bidder into an electronic auction to get an 
efficient result. Each player i has a valuation of the resource ©j (a f (s)) > 0 which is 
5 the total value of the allocation received. A bid profile can be created to get a utility 
U,(s) where U^s) = Sj (aj(s)) - (^(s) which is the value minus the cost. Additionally, 
bidders can have a budget constraint of the total cost which can be spent for a resource 
for a period of time so that the total cost of the bids must be under the budget 
parameter b. 

10 Figure 4 shows a graph 401 of a players utility function for entering 

the auction at a particular bid price/ In the auction in this example, there are five other 
bidders with the following bids:/ S, = (100, 1); S 2 = (10, 2); S 3 = (20, 4); S 4 - (20, 7): 
and S 5 = (30, 12). The new player S 6 has a valuation function of e 6 (q) - lOq (or $10 
per unit). The plateaus at the top of the graph 401 show where the quantity requested 
15 by the new bidder can no loh^^ because they have been 

allocated to other bidders^ Grap 405 and 

utility 407. While the ne\y bid price is under ten, the utility is increasing as shown in 
the figure. However, if the price of the new bid has a price component over 12 in 
order to get additional quantity, the overall utility for each extra unit decreases 
20 because the most the bidder is willing to pay for ah alloc^ of resources is ten 
dollars per unit. The utility graph pan be shown in ahoth^ fonn as irt Figure 5. 

Figure 5 shows an allocation graph similar to the graphs shown in 
Figures 2 and 3. Box 501 shows the valuator function lOq (or ten times the quantify) 
where the quantity is shown on the horizontal axis and utility is shown in the vertical 
25 axis. In the graph 503, the bids discussed in the example of figure 4 are shown. The 
; horizontal axis indi cates quantity allocated 505 and the vertical axis is the price of the 
; ; bid 507. The total quantity to be allocated is one hundred units. The bids for the 

auction are indicated in box 509. the allocation to bid S , is indicated by bar 511; the; • 
allocation to bid S 2 is indicated by bar 513; the allocation to bid S 3 is indicated by bar . 
30 515; the allocation to bid S 4 is indicated by bar 517 arid the bid S 5 is indicated by bar 
519. Bid S 5 is only allocated twenty units of ail of the overall units. In order to 
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determine the optimal bid by a new play S 6 with a valuation function shown in box 
50 1 , the derivative of the valuation function is taken to determine the slope of the 
demand. The derivative of the new bidder's valuation function is shown in graph 503 
as line 521. Every quantity indicated in a bar below line 521 is more valuable to the 
5 new bidder than those quantities bid by other bidders with lower price components. 
:, Thus the new bidders would want to bid $10 in order to obtain seventy of the total 
units which includes the twenty units of line 513 , the twenty units of line 515, ten 
units of line 517 and twenty units of line 519. Additional units could cost above the 

• calculation for the unit so a higher bid would not be efficient The actual cost which 

1 0 the new bidder will pay is calculated using the technique described in connection with 
; Figure 1 . The thirty units sho wn by bar 511 were bid at a price of $ 12 which is above 
the price of $ 1 0, the utility denved by the new bid would 
obtain 70 units at a bid price of $ 1 0. While a straight line derivative function is 
; shown in the example,; more complicated valuation functions can be used to model the 
15 . correct bidding strategy. "... . 

Auctions, as fonnulated here^ are appli where the 

: ; resources are arbitrarily: divisible. T v 
where arbitrary amounts of resources can be requested and obtained, such as in pricing 
of the "expected capacity" profiles in the Internet with differential service. 
20 For network resource allocation which is time based, bidding could be 

for example on a per flow basis or per unit time on an appropriate time scale. A flow ;v: : ; ; 

• : level model can be used particularly if the entity in the auction is a software bidding ; : 
: ; agent, possibly embedded into a software application^^ 

with human feedback) an accurate estimate of the entity ' s utility function e, the 
25 relationship between resources and value or perceived level of service. 

An example; of a flow level auction includes an agent-biased system 
implemented in a common programming language and a seller which is an ISP whose 
: network has a bottleneck bandwidth (maximum resource capacity) of 45 Mbps. The 
• example described is an actual auction performed using the progressive second price 
30 auction mechanism. Using a flow level service model, the ISP Allocates capacity to all 
its users. In that service model, the allocation is a traffic profile for each user, 
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enforced by a profile meter at the point of connection to the network. The network 
offers premium service to all in-profile packets (e.g. lower loss and/or delay) and any 
out-of-profile traffic gets best-effort service. The provider must provision the network 
to carry all the in-profile traffic that it expects at a given time, or conversely, must not 
5 sell more capacity ("sum" of profiles) than it has in the worst case scenario. 

Depending on how strictly the ISP wants to honor the contract and how well it can 
predict the routes it expects the traffic to take, it will sell a total capacity which is 
equal or greater than the bottleneck capacity. In this example it is assumed the ISP is 
, extremely conservative, so it will only sell 45 Mbps so that all units sold will be 

10 supplied. In addition the ISP must ensure that it in turn purchases a large enough 
profile from neighboring networks to ensure that the in-profile traffic of its users get 
the contracted service even after it leaves its network. The reserve price p 0 
Qpircspond s to ffie pri c^ paid by the network to get capacity firom heights 
networks. 

15 The profiles for the bidders in this example can be any traffic 

descriptor. For example, the allocation can give the users a minimum guaranteed 
bandwidth (which will be the allocated quantity); with each user being; allowed to : 
burst up to their physical line rate. This can be done for example with a^ 
bucket" traffic meter. If the bucket sizes are fixed by the I SP^ and users are allocated 

20 (and pay for) a token rate. The bucket size detennines the maximum in-profile burst 
size, and would correspond to the worst case buffer occupancy --^ 
ISP can tolerate for premium traffic. Clearly the quality of service for most internet ; 
; : traffic will be better if the allocated premium bandwidth is increased. But, because • 
the profile allows for bursts, the improvement in quality wi 11 decrease as; the premium 

25 bandwidth approaches the physical line rate, and of course, there is no use in having a 
premium bandwidth greater than the peak rate. Therefore, a reasonable model of a 
bidder s valuation is strictly increasing and concave up to the peak rate- and flat above 
■C" the peak rate ("Bidding Valuation Curve"). 

To represent a realistic range of the connection speeds of users who : 

30 would request premium bandwidth from home or small business users to a peer 

network connecting with a T3 line, the user population in this example has line rates q; 
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e {256 Kb/s, 1 .5 Mbps, 45 Mbps}. ISPs currently charge Tl connections at flat rates 
of $500-$ 1 500 per month. This works out to $0.008-$0.023 per Mbps per minute. 
Similarly , dial-up users are charged flat-rates of $ 1 0-S30 per month for 30 Kbps 
connections, which works put to $0.007-$0.021 per Mbps per minute. ; Thexloseness 
between the two cases indicates that these flat rates are rough indications of average 
valuations. 7^ can also charge a small amount to process 

each bid..' .. 

The technique can be used as a strategy by an entity 

bidding in the progressive second price auction*/ if the utility for the bidder is 
increased by increasing the bid price or quantity requested and still rem^ 
budget, submit a new 

The tii-der of the bids is inconsequential iof the biM^ 
Bidders join the auction bid, for example; once per second, v 

This, : along with cpnunimicati which make the times at which bids arrive! at : ; 

the sew^ random times, riMe tlie distn 

• auction asynchronous- •• ■ • 

tte above describe can be described as selfish and 

short-sighted. It is selfi sh because it will submit a ne w bid if and ; pnly if it; can : : : 
: improve its own utility (by 
does not take the'extensiv auction into account, i.e., does hot use 

;strategi€^ 

by tactically: exploiting other users- : v 

In this example, ^ Q = 45 Mbps, A bid fee is the fee 

paid to ^ 

amount relative to the bid price; The bid fee in this example is e = $0.00125: All 
times for the example in seconds. In this example, the auction is mri with one :;; 
^gent (bidding computer) p are distributed evenly on d^ 

workstations . ^ (processing computer) runs alone on a separate ■ 

workstation such asa Sim Ultra-2 SPARC workstation. " Arrivals" of hew players X 
correspond to Internet users whose profile was zero (pure best-effort) who have not 
been bidding who suddenly request a bidding profile. This could be for example users 
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who are content with best effort traffic at night and on weekends, but require better 
bandwidth during business hours. 

In this example, we begin at t Q < 0 with a population consisting of: 
(1) 20 users (bidders 1-20) with a peak rate of 1.5 Mbps 
5 (2) 2 users (bidders 21 and 22) with a peak rate of 45 Mbps 

(3) 50 users (bidders 23-72) with a peak rate of 256 Kb/s 
The valuations for each player follow the Bidder Valuation Curve, as described above/ 
We let this set of users bid according to their valuations until an equilibrium is 
reached (i.e., no new bids have been received for a few minutes), at some time / < 0. : : 
10 We then show the affect of new players with bids entering and leaving the auction as 
shown in Figure 6. 

Figure 6 shows three graphs showing the affect of the new small user 
on the auction. Graph (50 1 shows the requested quantity of bandwidth allocation for 
the 256 Kb/s line rate user. The horizontal axis for graph 601 is time and the vertical 
15 axis is bandwidth request. Graph 603 shows the allocation for the new bidder, The 
horizontal axis for graph 603 is time and the vertical axis is bandwidth 
Graph 605 shows the bid and paid price for The horizontal axis for 

graph 605 is time and the vertical axis is dollars per (minutes X Mbps). The bid price 
is indicated by the solid line arid the paid price is indicated by the dotted line. The 
20 paid price (cost) line is lower than the bid price because of the progressive second 
price auction process being used. The bid price and paid price are close to one 
another because of the relatively: large number of bidders in the auction. 

Figure 7 shows three graphs showing the affect of the new small user 
on the auction from a different perspective: Graph 701 shows the requested quantity 
25 : of bandwidth allocation for the 1.5 Mbps line rate user. The horizontal axis of graph 
701 is time and the vertical axis is bandwidth request. Graph 703 shows the actual 
allocation for the new bidder: The horizontal axis of graph 703 is time and the 
:' ' vertical axis is bandwidth allocated. Graph 705 shows the bid and paid price for the 
bandwidth. The horizontal axis of graph 705 is time and the vertical axis is dollars 
30 per (minutes X Mbps). The bid price is indicated by the solid line and the paid price 
is indicated by the dotted line. The paid price (cost) line is lower than the bid price 
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because of the progressi ve second price auction process being used. The bid price and 
paid price are close to one another because of the relatively large number of bidders in 



the auction. 



Figure 8 shows three graphs showing the affect of the new small user 



5 on the auction from a different perspective. Graph 801 shows the requested quantity 
of bandwidth allocation for the 45 Mbps line rate user. The; horizontal axis of graph 
801 is time and the vertical axis is bandwidth request. Graph 803 shows the actual 
allocation for the new bidder. The horizontal axis of graph 803 is time and the 
■ : vertical axis is bandwidth allocated. Graph 805 shows the bid and paid price for the 
: 10 bandwidth. The horizontal axis of graph 805 is time mid the vertical axis is dollars 
per (minutes X Mbps). The bid price is indicated by the solid line and the paid price 
: is indicated by the dotted line. The paid price (cost) line is lower than the bid price 
because of the pro gressi ve second price auction process being used . The bid price arid 
paid price are close to one another because of the relatively large number of bidders in 
15 the auction. 



;:■ 20 



25 




30 



oh Figure 6). 

At t~ 890, player 75 (a new 45 Mbps user) joins. Unlike the previous 



(3) 
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two. this large arrival has a significant impact on the market. Figure 8 
shows that by / = 1200, after 28 bids by the new player, a new 
equilibrium is reached, where a 75 = 19 Mbps. At the new equilibrium, 
play er 74's share of the premium bandwidth drops from 728 Kb/s to 
5 540 Kb/s, and the price paid per unit to rises from 0.0063 to 0.008. 

(4) Between time t == 1600 and 1700, 50 new users with peak rates of 

256 Kb/s join the game. This causes the market to fluctuate for a few 
minutes, and a new equilibrium is reached where the prices are slightly • • 
higher, and allocations slightly lower for the existing play ers (see 
10 ; Figures 6 to Figures 8). 

: (5) Just before / = 2500, players 1 -20 (all 1 .5 Mbps line rate) suddenly • 
: leave. Thi s causes a sharp drop in the market, about • 

200 seconds to stabilize. The subsequent equilibrium is not much 
; different from the previous one, in terms of both allocations and prices, 
15 despite the fact that potential demand has been reduced by about = ■ 

3 0 Mbps. This is because many users with lower valuations who were 
not fully satisfied before now use up the freed capacity , and there is 
still enough unsatisfied demand just below the market clearing price to 
keep prices at almost the same level. 
20 (6) At r = 3 140, players 21 -22 (both 45 Mbps rate) suddenly depart. The ^ : 

freed capacity is enough to satisfy a lot of perit-up demand, so the 
• prices drop by about half, to around $0,004, and allocations increase 
for the remaining playeris. 
Note that throughout this example, of the three play ers described, Ae 
25 T3 user (player 75) pays a lower price per unit than the other two. This "volume 

discount'* occurs because of the greater bandwidth allocation to player 75 and the fact 
v=,: thatin''the progressive second price auction mechanism more lower price bidders^ ^ 
; being displaced by the higher quantity requested. 

These examples show that the impact of many small independent users 
30 is much smaller on the market dynamics than that of a single user with the sarnie total 
demand. For each small user, his inability to "move": the market with his bid makes it 
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in effect equivalent to a retail market. This suggests that for the smallest users, the 
market can be approximated by simply advertised prices (which arise from the 
interaction among medium and large users), and the user making a simple choice; of 
whether to buy or not. This is indeed what occurs with most commodities (e.g.* oil). 
5 The progressive second price auction generalizes key properties of 

traditional single non-divisible object auctions to the case where an arbitrarily 
divisible resource is to be shared. The allocation technique assuming an elastic- 
demand model of user preferences constitutes a stable and efficient allocation and 
pricing mechanism in a network context, both for Virtual PatlVVirtual Network and : 

1 0 edge capacity pricing applications. 

Figure 9 is a diagram of an example of a system which can use the 
progressive second price auction technique. System 901 includes Internet Service 
Providers ISP 1 903,: ISP2 905 and ISP3 907. Each Internet Service Provider is; 
, connected to a network. ISPl 903 is connected to network: 909, ISP2 905 is connected : 

15 to network^ connected to network 913. Bidding entities ftl 5 are 

computers which are connected to a network (either network 903, 905 and 907) and 
participate in auctions by sending electronic bids including a quantity request : ; 
component and a bid price component to the ISP to which they are connected. The 
bids can be indi vidual bids or in the form of a valuation data expressed by multiple 

20 price component and quantity component bids or a valuation function expression. The 
bidding entities 91 5 include a central processing iinit and memory which stores a set : 
; : ; of instructions for formulating an^^ to the auction processor (in 

this example the ISP). An ISP can also transmit auction updates to the bidding 
entities 9 1 5. System 901 can be used to auction premium bandwidth by an ISP. 

25 The Internet is made up of a number of networks connected together 

such that a message will eventually be transmitted from a sending party to a Teceiving 
party . Thus if a bidder is bidding on premium bandwidth; a message will typically 
need to travel over numerous networks to reach its destination . Thus the premium 
bandwidth must be allocated by each network and the bids required to sectire the 

30 overall connection contribute to the complete cost. 



WO 00/57323 



PCT/US99/06384 



21 

For the purpose of this auction example, each ISP is requested by a 
computer which includes a processor and memory and is described in more detail in 
the description of Figure 10. If a bidding entity wants to transmit information to an 
entity that is not directly connected to; the transmitting entity's ISP, the ISP needs to 
5 secure their proper bandwidth from the intervening and destination ISP. This is 
accomplished by the ISP becoming a: bidding entity itself (as shown by box 904) 
where; the ISP bids for another's ISP bandwidth in order to ensure that the data flow 
bandwidth will be allocated for the entire connection, not just t^ 
connections, Thus ISP 903 will act as a bidding entity 904 for the auctions performed 
0 by ISP2 905 and ISP3 907 if the baridwM^ those ISPs is required by the bidders 
• in ISP's auction. An alternative 
in each of the ISP auctions. ; Ho We ver, this ; leads to inefficiencies if the network path 
includes many ISPs who must allocate exchange and the ; 

: bidder is only: connected to one ISP. ;.;;;,;,,- 
15...;::',... 

preferably after a number of other bids have been submitted; However, the new 
; x i bidder 91 7 can also be the first en^ In the latteir case there is ; ; r 

preferably a floor bid which is provided by the ISP Ayhich is operating the auction: ■ 

Figure 10 is a diagram of an Internet Service Provid^^^ 
network bandwidth is controlled by a computer w^ preferable includes a central 
processing unit 1001, a memory 1003 connected to the CPU 1001, ^ iriput/oiitput^ ■ ^ 
(1/0) port 1 005 and a databi^ 1 Q07 connecting processor 1 001 , memory; 1 003 and I/O 
port 1005. premium bandwidth, the ISP preferably .;,1 : : 

operates the progressive second price auction technique; Pro 
implementing the progressive second price auction tech^ memory 
10Q3 which are executed by processor 1001 to perform described in 

connection with Figure 1 . As the ISP receives bids for ah auction; the bids can be 
; stored in memory 1 003 . Alternative can be stored in a memory outside of 

; the ISP but which is accessible to the ISP. I/O port 1 005 is connepted to: one or; more 
networks which the Internet Service Provider manages. 
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Memory 1 003 also can store data related to the allocation process such 
as the maximum amount of the resource which can be allocated, the present allocation 
of the resource and the past history of the allocation and payments made to the ISP 
after the bids have been accepted. Processor 1001 c^ perform the calculation 
5 necessary to perform the allocations and calculate the costs of a new bidder using the 
progressive second price auction technique. ; 

The foregoing merely illustrates the principles^ of the invention. It will 
thus be appreciated that those skilled in the art will be able to devise numerous 
: systems mid methods which, although not explicitly shown or described herein r 
10 embody the principles of the invention and are thus \\dthin the spirit and scope of the 

[ For example even though this app 
of bandwidth and buffer space reservation in a auction 
technique is formulated in a manner which is generic enough for use; in a wide r^ 
15 :;. of situations. -l,:^- 
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CLAIMS 

X A method of allocating a resource comprising the steps of: 
retrieving data indicative of at least one bid comprising a 
quantity data component and a price data component; 
5 retrieving second data indicative of a new bid comprising a 

quantity component and a price component; 

first allocating said resource to said at least one bid with a price 
component higher than the price component of said new bid; 

allocating said resource to said new bid responsive to said first 

.10 allocation step; 

calculating said new bid's cost responsive to said price 
component of at least one bid with a price component lower than said price 
component of said new^^ 

storing cost data indicative of said calculated cost. 

15 2. The method of claim 1 , wherein said resource is bandwidth. ' 

v: 3. : The method of claim 1, wherein said new bid's resource 
allocation and said calculated cost are transmitted to an entity who made said new bid: 

41 The method of claim 1, wherein said allocated resource is 
20 utilized by an entity associated with said bid. 

5. The method of claim 1, further comprising a step ordering said : 
retrieved at least one bid by said at least one bid's price component; 

6 . The method of claim 1, further comprising the step of retrieving 
data indicative of said resource's maximum capacity and wherein said allocation steps 
25 are responsive to said maximum capacity. 
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7. The method of claim 6, wherein said resource is allocated to 
said new bid only if said first allocation in less than said maximum capacity, 



8. The method of claim 1, wherein an initial allocation of said 
resource is performed before said new bid is processed. 

5 9. The method of claim 8, wherein said calculating said new bid's 

cost is responsive to at least said retrieved bid with data indicative of said lowest price 
component which has been allocated in said initial allocation. 

10. • The method of claim 8 , wherein said calculating said new bid 's 
cost is responsive to a plurality of said^ ^ with data indicating said prices 

10 which are lower than said new bid; 

1 1 . The method of claim 1 , wherein said calculating said new bid's 
cost is responsive to at least said retrieved bid with data indicative of said lowest price 
which would have received an allocation if said new bid was not retrieved. : 



1 2 . The method of claim 1 1 , wherein said calculating said new 
15 bid's cost is itspohsive to a plurali^ 
prices lower than said new bid. 

13 . The method of claim 1, wherein one of said at least one bid is ■ 
submitted by a processor performing said allocation steps: 

14. The method of claim 1 , wherein said at least one bid comprises 
20 valuation data comprising a plurality of price components associated with a plurality 
of quantity components. 



15 . The method of claim 14, wherein said allocatibn is responsive 
to said plurality of price components and said quantities components. 
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1 6. The method of claim 1 ? wherein said new bid comprises 
valuation data comprising a plurality of price component associated with a plurality of 
quantity components. 

17. The method of claim 1 6, wherein said allocation is responsive 
5 to said new bid's plurality of price cbmponerits and said quantity components. 

18 . An apparatus for allocating a re 

means for retrieving at least one bid comprising a quantity 
component and a price component; 

means for retriev quantity 
10 component and a price component^ x^ i 

means for first allocating said res^ said ;at least one bid 
with a price component higher than said new bid- 
means for allocating said resource to said new bid responsive to 
said first allocation step; and 
15 . means Jfoi^ calculi 

price component of at least one bid 



19. The apparatus of claim 18 , wherein said resource is bandwidth. 

20. The apparatus of claim 1 9, further including means for storing 
20 data indicative of said cost. : ; . 

21; The apparatus of claim 18, further comprising m 
ordering said retrieved at least one first bid by said bid's price component. 
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22. The apparatus of claim 1 8, further comprising means for 
retrieving said resource' s maximum capacity and allocating said resource responsive 
to said maximum capacity. 



WO 00/57323 PCT/US99/06384 

26 

23 . The apparatus of claim 22, wherein said resource is allocated to 
said new bid by said allocation means only if said first allocation in less than said 
maximum capacity. 



24. The apparatus of; claim 18 
5 : said resource is completed by said first allocation means before said new bid is 
processed. 

:: 25. The apparatus of claim 24, wherein said calculating said second 
bid's cost by said allocation meians is responsive to at least said retrieved bid with said 
• lowest prie^^ has been allocated in said initial allocation. 

10 : ; 2(^ ' The apparatus of claim;25^ wh^iri: said c^ 

; ; ; : bid' s cost by said allocation means is responsive to a plurality of said received bids 
■ A^th prices new bid. 

/^: : 27;v. The apparatus of plai^ calculating ; said new ; ; 

bid ' s cost by said allocation means is responsive to at te^ 
15 Jowest price which would have received an allocation if said new bid was not made. 

28; . The apparatus of daim^ said ' calculating said new 

bid • s cost by said allocation means is responsive to; a plurality of said received bids : : 
■ ^ with prices lower than said new bid. , : :> 



29. The apparatus of claim 1 8, wherein one of said at least bids is 
20 ;; ; submitted by an operator of said apparatus : ; 



: 30. The apparatus of claim ^ said at least one bid 

comprises valuation data comprising a plurality of p^ component associated with a 
plurality of quantity components. 
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31. The apparatus of claim 30, wherein said allocation by said 
allocation means is responsive to said plurality of price components and said 
quantities components. 

32; The apparatus of claim 18, wherein said new bid comprises 
5 valuation data: cbmjpnsing a plurality of price component associated with a plurality p 
quantity components. .. 

: 33 . The apparatus of claim 32, wherein said allocation by said- 
allocation "means is resipp^iyg to said new 
said quantity components. : 

;-.;:;:34; . A:sy stem for allocating a resource pomprishig: : 

; ; at least one bidding entity for providing bids comprising a . 
quantity component arid a price component; 

a new bidding entity for providing at least one bid comprising a 
quantity component and a price component; and 

A processor for first allocating said resource to said at least one 
bid with a price comipohent higher than the second bid and ^ 
to said new bid responsive to said first allocation step; wherein saiid processbr : x • 
calculates said; new ' s b ids cost responsive to said price component of at least one bid ; ; ; 
with a price lower than said new bid. 

20 : 35; The sy stem of claim 34 y wherein said resource is bandwidth. 

; 3 6; : The sy stem of claim 34 , wherein said processor transmits 
information indicative of said price component of said hew bidding entity to sai d at 
le;ast one bidding entity. 
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37. The system of claim 34, wherein said processor retrieves data 
indicative of said resource's maximum capacity and allocates said resource responsive 
to said maximum capacity and wherein said resource is allocated to said new bid only/ 
if said first allocation in less than said maximum capacity. 

: 5 38; ; : ; ^ wherein said calculating said new bid's ; 

cost is responsive to at least said retrieved bid with said lowest price component 
which has been allocated in said initial allocation. 



: cost is responsive to a pluMi^ pf saiii received bids with prices lower th^ said n ; • 
10 bid. ■ ' ';-r:;\ T^fH^ : l : \ \ ' - : /' : /" " ' / . . :T -x; : /V;/: :v,- 

40. The system of claim 34, wherein said calculating said new bid' s ; 
cost is responsive to at le^t smd relieved bid with said lowest price Ayhich would: 
have received an allocation if said new bid was not made. 

41. The system of claim 34, wherein said at least one bid comprises 
15 a plurality of price component associated with a plmality 



42 . The sy stem of claim 4 1 , wherein said allocation is responsive to 
said plurality of price components and said quantity component. ■ 
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